CASE REPORT
===========

A Caucasian girl was born prematurely through vaginal delivery at an ultrasonographic gestational age of 31 weeks and 6 days, and weighed 1150 g, with an Apgar score of 4/4/5, at 1/5/10 minutes. This was the first pregnancy of a 21-year-old mother who was hitherto healthy. She denied alcohol, other drug consumption, and smoking. Serologic tests were undertaken during prenatal examination and were negative for syphilis, HIV, hepatitis B and C, and rubella. A karyotype, performed with amniotic fluid cells, resulted in 47XX+13 (female karyotype and trisomy13). Immediately after delivery, the newborn presented respiratory distress requiring high titers of oxygen supplementation, progressing to bradycardia and apnea, and died 5 hours after birth.

AUTOPSY
=======

The external examination depicted proboscis, microcephaly, ocular hypotelorism, reduced palpebral fissures, microstomia, micrognathia, and low-set ears ([Figures 1A](#g01){ref-type="fig"}). On the scalp, an exposed anterior fontanelle caused by aplasia cutis, which measured 3.5 × 3.0 cm, was noticed ([Figure 1B](#g01){ref-type="fig"}). The limbs exhibited right hand-camptodactyly, prominent heels ([Figure 1C](#g01){ref-type="fig"}) and left foot polydactyly ([Figure 1D](#g01){ref-type="fig"}).

![-- External Examination of the newborn. **A** - Proboscis, microcephaly, ocular hypotelorism, microstomia; **B** - Aplasia cutis on the scalp; **C** - Proeminent heels; **D** - Polydactyly on left foot with short hallux and hypoplastic nails.](autopsy-03-02005-g01){#g01}

On opening the skull, alobar HPE was evidenced ([Figure 2](#g02){ref-type="fig"}). The microscopic examination showed gliomeningeal ectopy and migratory defect.

![-- Alobar holoprosencephaly. **A** - Top view; **B** - Bottom view; **C** - Coronal section; **D** - Photomicrography of cerebral cortex showing migration defect (200x).](autopsy-03-02005-g02){#g02}

At the thoracic cavity overture, followed by cardiac dissection, hypoplastic left heart syndrome was evident with the findings of left ventricle hypoplasia, atrial septal defect at fossa ovalis, membranous sub-valvar ventricular septal defect, tricuspid valve dysplasia, hypoplasia of the mitral and aortic valves, enlarged pulmonary artery, and double-outlet right ventricle, which was dilated ([Figure 3](#g03){ref-type="fig"}).

![-- Hypoplastic left heart syndrome. **A** - Dilated right atrial appendage, large pulmonary artery and small ascending aorta; **B** - Hypoplastic left heart ; **C** - Dysplasia of tricuspid valve; **D** - Atrial septal defect at fossa ovalis. Ao= aorta; ASD= atrial septal defect; LV= left ventricle; PT= pulmonary trunk; RA= right atrium; RV= right ventricle; Tr = trachea; TV= tricuspid valve.](autopsy-03-02005-g03){#g03}

The pulmonary microscopic examination showed evidence of bronchial tree malformations, characterized by enlarged bronchi with irregular lumen depicting a geographic pattern ([Figure 4A](#g04){ref-type="fig"}). Microscopic examination of the lungs showed the presence of hyaline membrane, alveolar hemorrhage, and signs of meconial aspiration ([Figure 4B](#g04){ref-type="fig"}).

![-- Bronchial tree malformation. **A** - Bronchi showing an irregular volume and a geographical pattern (100x); **B** - Alveolar hemorrhage, hyaline membrane and signs of meconium aspiration (200x).](autopsy-03-02005-g04){#g04}

Microscopic evidence of prematurity was found in the thyroid, spleen, and liver with extramedullary hematopoiesis and kidneys showing nephrogenic zones. All theses findings were compatible with the 31-week gestational age.

The autopsy findings and the karyotyping of amniotic fluid cells are compatible with Patau's syndrome (trisomy 13) expressing midline malformation.

DISCUSSION
==========

Patau et al.[@B001] first recognized the relationship between the trisomy of chromosome 13 and a clinical syndrome in 1960. About 80% of Patau's syndrome cases are regular trisomies arising from nondisjunction at the first or second meiotic division. A small proportion of cases have a translocation either arising *de novo* or inherited from a parent who carries a balanced translocation.[@B002] The newborn's prognosis is often poor mainly because of the neurological and cardiac malformations.

Trisomy 13 accounts for up to 75% of cases of patients with holoprosencephaly (HPE)[@B003] due to all chromosomal anomalies (including cryptic rearrangements). Up to 20% of those cases also have triploidy.[@B004]

HPE refers to a spectrum of central nervous system (CNS) malformations that result from a primary defect in the normal inducing and molding of the rostral neural tube during early embryogenesis. It is usually considered to be the result of prosencephalon cleavage failure, which usually occurs during the fifth or sixth week of gestation.[@B003]^,^[@B005]

In 1882, Kundrat[@B006]^,^[@B007] reported the first description of neuropathological HPE, recognizing the aplasia of bulbs and olfactory tracts as a common denominator in this group of malformations, which he named arhinencephaly. In 1959, after Yakovlev's[@B008] studies, the term arhinencephaly was considered erroneous. In 1963, DeMyer and Zeman,[@B009] followed by DeMyer et al.[@B010] in 1964, named this malformation as holoprosencephaly, studying two patients who presented with orbital hypotelorism, flat nose, bilateral cleft lip, and cleft palate. They believed that HPE was the generic-descriptive term for the teratogenic spectrum. Subsequently, Robain and Gorce (1972)[@B011] and Jellinger and Gross (1973)[@B012] introduced the concept of the defects of the midline.[@B006]^,^[@B012]^,^[@B013] Based on the gross examination of the degree of non-hemispherical separation, DeMyer and Zeman (1963)[@B009] also proposed a classification of HPE into three types, namely alobar, semilobar, and lobar. This classification is based on the presence or absence of the inter-hemispheric fissure and the extent of separation of both hemispheres. In 1993, Barkovich and Quint[@B014] identified a mild variant of HPE, called syntelencephaly or middle interhemispheric variant, indicating that the HPE apparently represents a continuum of cerebral malformations without a cutting point that makes a clear distinction between the different subcategories.

Because of the interrelated development of the primitive brain and underlying mesodermal structures, patients often exhibit specific craniofacial anomalies, including midline facial clefts, cyclopia, and nasal abnormalities, in addition to brain "holosphere" or the undivided prosencephalic vesicle. Particularly in the severe forms of HPE, the same failure of induction of midline structures may be reflected in midline facial characteristics.

The pathogenesis of this disorder has been elucidated in a number of recent experimental studies on the neural tube and the identification of various gene mutations. Four genes, related to brain development, were detected and their chromosomal regions have been studied: HPE1, HPE2, HPE3, and HPE4.[@B015] The cases used in each of these chromosomal mapping studies, although few, exhibit a broad spectrum of HPE phenotypes, reflecting the complexity and heterogeneity involved in its etiology.

This malformation occurs in families, although the degree of involvement among affected individuals can vary widely within the same family. The incidence of HPE is about 0.48-0.88 per 10,000 live births with normal chromosomes.[@B003] However, there is a high rate of fetal wastage, with the incidence of HPE in intrauterine demise estimated at 40 per 10,000.[@B003]

Several maternal/environmental factors, including diabetes and ethanol consumption have been associated with HPE sequence.[@B003]^,^[@B005] Experimental ethanol exposure in rats and monkeys can produce facial and CNS abnormalities similar to HPE.[@B003] Plants, such as *Veratrum californicum*, which contain the alkaloid cyclopamine, can induce HPE in rodents, rabbits, and chickens.[@B003] Similarly, the administration of inhibitors of cholesterol biosynthesis in rats resulted in facial and skeletal abnormalities, pituitary agenesis, and HPE.[@B003]

In human cases of HPE, when there is no maternal diabetes or fetal alcohol exposure, a genetic cause in conjunction with other systemic abnormalities has been recognized. The most common chromosomal abnormality in patients with HPE is trisomy of chromosome 13, as in this case report, which is reported in 24-45% of newborns with this trisomy. In addition to trisomy 13, several other chromosomal abnormalities, including trisomy 18, trisomy 13-15, trisomy 13-15 mosaicism, ring chromosome 13 or 18, and chromosomal deletion 13 or 18, have been identified in patients with HPE. This malformation was also reported in Klinefelter syndrome[@B016] and trisomy 10.[@B017]

The most serious expression of classic HPE occurs in alobar HPE. In this form, the brain is usually smaller than normal and consists of one holosphere without interhemispheric fissure, sagittal sinus, or falx cerebri, exhibiting the shape of pancake, cup, or ball.[@B013]^,^[@B018] In the upper posterior view of the brain, the telencephalon is not divided, usually shows as a horseshoe shape, with a single ventricle in its lower portion.

In the semilobar form of HPE, a decreased encephalic weight is also observed, but not as much as in the alobar form. The main feature consists of an incomplete interhemispheric fissure and falx cerebri. The gyri pattern remains abnormal.[@B010] The frontal lobes may be underdeveloped with rudimentary temporal horns and a hippocampus that is not completely formed. The Sylvian fissure is abnormally displaced to the front. In a perpendicular section, the septum pellucidum is absent.[@B007]

In the lobar form of HPE, the interhemispheric fissure is observed along the entire midline. The cerebral lobes are fully developed, particularly the frontal lobes. In coronal sections, the cortex crosses the midline at the level of the median fissure, establishing a bridge between both hemispheres. The frontal horns of the lateral ventricles are present, although dysplastic.[@B007]

All these abnormalities regarding hemispheric cleavage are associated with aplasia of olfactory bulbs and tracts, except in the lobar form, where olfactory bulbs can be identified.[@B007]

On microscopic examination, the cytoarchitecture of the cerebral cortex may be normal, although displaced from its usual location. However, some cases may exhibit significant disorganization, possibly representing: (a) abnormal cell migration; (b) secondary injury to the cerebral cortex; or (c) abnormality in connections into and out of the cerebral cortex.[@B003]^,^[@B007] Pial glia-neural heterotopy can form a "crust" on the brain surface, most commonly seen in the late stage of pregnancy and the postnatal period.[@B003]

The hippocampus is identifiable on microscopy, although it is often displaced showing an incomplete or abnormal development. The histopathology of the basal ganglia and thalamus varies with the severity of the hemispherical malformation. The septum pellucidum is generally absent in all forms. At microscopy, the cerebellum may show focal cortical disorganization, heterotopy, or both, especially in the context of trisomy 13 and other cytogenetic abnormalities. Brain stem abnormalities are limited to hypoplasia or the absence of the corticobulbar and corticospinal tracts, as well fusion of the colliculi or peduncles at the midbrain level.

Newborns who survive with the severe holoprosencephalic variant (alobar HPE), usually have severe mental retardation and often present hard-to-control epilepsy. They may present hypothalamic dysfunction with diabetes insipidus, poikilothermy, and inappropriate secretion of antidiuretic hormone. Patients with an intermediate form of HPE and isolated arhinencephaly may have a normal survival rate with very limited clinical deficits, such as cognitive delay and epilepsy.

CONCLUSION
==========

Several neuropathological studies have shown that malformations of the holoprosencephalic sequence can be multiple and complex, involving multiple anatomic sites. Therefore a thorough morphological examination is required to better delineate underlying diseases as well as pathophysiological mechanisms. It is also essential that genetic counseling be improved, given the wide phenotypic variability, genetic heterogeneity, and risk of recurrence even in apparently sporadic cases. Recent advances in the study of the pathogenesis and genetics of HPE have shown that it is a continuous spectrum of lesions. These advances may contribute to further reclassification of these cerebral lesions and enable HPE to be better understood.
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